Abstract. In order to meet the requirements of high efficiency, synergy and refined management in the design and manufacturing process of spacecraft multi-layer insulation(MLI) components, the MLI design, CNC machining programming and MLI manufacturing process are modeled systematically, and the production management system is developed based on COM technology and C/S and B/S hybrid architecture layout method. The dynamic detection and analysis methods of working hours, workload and material consumption by integrating workflow technology and statistical control technology is proposed, and basic data can be obtained while completing planning process management, product status management, personnel capacity management, material status management, and file management.
Introduction
At present, spacecraft MLI production has entered a specialized mode, with advanced design and manufacturing technology, but there are shortcomings in production process control management, such as lack of unified management system for planning, design and production process. The problem makes the whole process difficult to control. For example, the information archiving and delivery are not standardized, the data package is incomplete, the process of writing the process file is cumbersome, and the way of signing paper documents is not conducive to information statistics. In order to manage the multi-layer design process systematically, it is necessary to carry out unified planning, develop MLI design and production process management system, and standardize management of all aspects involved in MLI design and production.
As an effective means of standard management and efficiency improvement, the production process control management system has always been the focus of all agencies. The literature [1] established the enterprise production management system based on the above computer configuration software WinCC. But the system is only suitable for continuous automated production mode, and not applicable to unit production mode. Literature [2] established an intelligent production management system through modeling technology and using synergy theory and optimization algorithm. However, the system has a clear division of specialization, which cannot convenient for the management of the cross-mixing operation process in the multi-layer insulation component unit.
In this paper, combined with the actual production situation of spacecraft MLI components, the production management system is developed based on COM technology and C/S and B/S hybrid architecture layout method. The dynamic detection and analysis methods of working hours, workload and material consumption by integrating workflow technology and statistical control technology is proposed, and basic data can be obtained while completing planning process management, product status management, personnel capacity management, material status management, and file management.
Overall Design of the Management System
The production process control management system for spacecraft MLI involves the whole process of MLI production planning, product status, document control, process preparation, document processing and archiving, production process control and material management [3] . The system is built around the design and manufacturing of MLI. In order to ensure that all links can work together, the service-oriented design idea [4] is adopted, and the infrastructure services such as public services, data access, and transaction processing are encapsulated as the underlying services. Applications such as business logic, data organization, and interface control are encapsulated as upper-level services, and interface processing is responsible for handling interactions with users, accepting user input, and presenting application data. In the packaging method of components, COM technology is adopted to give advantages such as fast running speed and convenient management [5] . In the layout, the C/S and B/S hybrid architecture is adopted to give full play to the practical needs of engineering data management such as good interactivity, fast processing speed and high security under the C/S structure, and remote support for small batches and real-time data processing under the B/S architecture [6] . The overall functional framework of the system is shown in Figure 1 . The management system solves the data coordination problem of product data in each life cycle state, and the data collaboration mainly summarizes the two aspects of data consistency and business logic processing consistency [7] . The management system is usually completed by multiple application subsystems or functional modules. In these application systems or modules, the data sources they process are unified, the data status is consistent, and the same business logic is processed in different applications. This requires the management system to have a unified data model, in order to meet the data interaction and logical consistency between applications. To this end, a meta-model-driven development technology is used to establish a basic platform.
The platform and server applications are the underlying facilities of the entire platform system. There is only one platform server and multiple application clients. The server application provides system login, workflow engine, electronic warehouse management, communication and other services for the application client. The platform server consists of five subsystems: product management subsystem, product design subsystem, product production subsystem, data processing subsystem and file management subsystem.
Key Technologies

Meta-model Driven Platform Development
The platform uses meta-model driven development techniques [8] . The meta-model driven essence is the process of generating a formatted data by interpreting a series of descriptions using an interpretation engine [9] . A series of descriptions is actually an abstraction of real data, that is, a model. The various elements that make up this model are meta-models. The meta-model of data describes the model of data level. This part of the description is directly related to the database. Through these descriptions, the data in the database can be converted into real data, and the real data can be converted into data in the database. The UI meta-model describes the UI interface, and by interpreting this description, the interface of the system can be generated. The meta-model components of the platform include: business domain, class, relationship class, behavior, behavior method, attribute, data type, etc. Models commonly used in manufacturing can be built by these meta-models, such as product structure tree model and product configuration management model.
The application on the platform uses a unified data model to achieve seamless integration of data interaction between applications. The common business logic processing of each application is also deposited on the behavior of the platform, thereby achieving consistency of business logic processing in each application.
The platform server consists of five parts: Main Service, Vault Service, Workflow Service, EAP Common Service and Server Console. The main service is mainly responsible for the registration and cancellation of the electronic warehouse service, system login, and communication. The e-warehouse service mainly provides file uploading and downloading services for the application client and can be deployed on multiple machines separately. The documents of various departments of the enterprise can be stored nearby (VPN mode [10] ) in their respective electronic warehouses. The e-warehouse service is managed by the main service, registered with the main service after started. The main service can find the specified e-warehouse service and assign the e-warehouse when the client connects to itself and wants to upload and download files. The workflow engine service mainly provides task flow according to the workflow template, and monitors the overdue task and the early warning task. The server console mainly provides functions such as setting global parameters, viewing audit information, and viewing login information.
The platform API adopts a layered design shown in Figure 2 and Figure 3 , and a step-by-step packaging development method [11] . Figure 2 . API layering mode. Figure 3 . API composition schematic.
Base module: The basic interface package, which provides the basic, common, and business-independent interfaces required by the platform.
Meta module: meta-model and UI meta-model access engine, which is the lowest-level interface of the platform, and provides all meta-model information for the platform.
DAL module: A data access module that provides access to databases and servers within the LAN and WAN for applications.
OTL module: entity and relationship access module, which is used to persist all the business data involved in the application.
CSL module: A public service module that provides services such as transactions, audits, queries, processes, reports, permissions, personnel management, and authorization for applications.
BCL module: A business control module that provides common, built-in business logic processing for applications such as document and document tree management, project management, and more.
UI module: UI meta-model parsing engine, which is used to parse the UI meta-model defined by the application and form the actual BCG library-based Windows UI.
Top-level and System modules: The top-level interface module of the platform is used to provide global information such as system information, thread-based sessions and so on.
Microstructure of the platform is shown in Figure 4 . 
Interaction of Platform and Server
Interaction of platform and server involves two aspects of database access and communication. In the LAN environment, the platform directly accesses the database through OLE DB or ODBC [12] , and the communication between the platform and the server is implemented by SOCKET [13] . In the WAN environment, the platform accesses the database and the communication with the server through the WebService deployed on the server. At the DAL layer, the platform switches between the two methods through C/S and B/S adapters. The adapter encapsulates the two methods of data access and provides data to the upper objects with a consistent interface.
The platform provides basic services and application logic components. Specific basic services include property management, relationship services, transaction services, communication services, and audit services.
Property management provides general property query, modification, and assignment operations for entity and relationship objects.
Relationship management manages the relationship between various entities. Transaction management packages data in the data storage and modification, and also provides a session mechanism.
Communication management sets StubObject and ProxyObject to implement communication and data transmission between the CAXA EAP application client and the server.
Audit Service provides auditing functions for the key business logic of the application, and record the personnel, time, location, and execution results involved in the business logic.
The application logic components of the platform include person management, security management, document management, folder management, report management, and work flow.
The function modules provided by the system also include functions such as data query and data reuse. In the data query, the simple query and the advanced query can be performed according to the attribute matching method, and the query result can be directly utilized. The data reuse provides two reuse methods of borrowing and copying, and the relevant operating system after the data reuse gives an automatic prompt.
Subsystem Introductions Product Management Subsystem
As a starting point for a MLI production task, the product management system mainly includes two parts: program management and product assurance management. The plan management includes planning and distribution, task submission, and program monitoring. Product Assurance Management combs all the support conditions and preparations for MLI production tasks, including drawings, documents, tooling, equipment, personnel, and so on.
Product Design Subsystem
The product design includes a MLI model design, which is surface-expanded and modified into a plan paper, and finally converted into an NC code recognizable by the numerical control device. The product design subsystem needs to integrate all software management and transfer all production files to the file management subsystem for storage.
Product Production Subsystem
After the MLI model is designed, the process flow is automatically generated and delivered. The document approval process, the issuance and circulation of tasks, and the electronic process management can be realized. The operator checks and signs the completed steps in real time according to the status of the task, and completes the work schedule and quality management. The product production subsystem takes into account the management of the various materials.
Data Processing Subsystem
The state information of the production process is extracted. The material consumption and the hourly statistics of each employee are obtained in real time, and the data in a period of time is analyzed, thereby obtaining economic indicators such as productivity and efficiency.
File Management Subsystem
The file management subsystem mainly classifies and saves the files generated during the product design process, which is convenient for retrieval and recall, and mainly includes design files, process files and processing files.
Application Analyses
The spacecraft MLI production management system has been promoted and applied in spacecraft related units, which simplifies business processes, improves work efficiency, and achieves good application results and significant economic benefits, mainly reflected in the following 4 aspects.
1. The relationship between planning and production realizes the simultaneous interaction of production and plan. The plan summary is automatically completed and the production organization is planned as a whole. A transparent planning and production status monitoring system is established. The planning time is reduced from 4 days to 1 day. Figure 5 shows the product management plan monitoring interface. 2. As the system realizes automatic compilation of process documents, it saves 5 technicians and improves the efficiency of process preparation by 80%. Figure 6 is an automatic generation interface for the production process. 3. The file management subsystem enables archiving, delivery, version control and browsing of design files, process files, drawings and models. It also guarantees the standardization of file management and eliminates production problems caused by version problems. Figure 7 shows the file management design file interface. 4. Automatic recording of production data improves data accuracy and saves personnel statistical recording time. The application of big data function provides a basis for subsequent scheduling and calculation of production capacity.
The production management system for spacecraft MLI has been in use for more than a year. More than 100 people have started the production management of spacecraft MLI based on this system, which has completed 6 professional models, more than 6,000 multi-layers' design, scheduling, production work, greatly improving work efficiency and standardization. It has been estimated that the MLI management time of each process is shortened by an average of 14 hours, which is reflected in the aspects of process preparation, document transfer and production process signing. By optimizing the monitoring of the working nodes and the quality inspection of the production site, the fine management of the production tasks is realized.
Conclusion
Based on the research and analysis of the production process management of spacecraft MLI, this paper studies the fine control method and system construction technology, and proposes a COM-based packaging method and C/S and B/S hybrid architecture. On the basis of theoretical research, the production management system of spacecraft MLI was designed and developed. The system has been applied in a large aerospace manufacturing enterprise. Through the implementation of the management system, the management efficiency of the enterprise has been significantly improved. In the next step, we will conduct research on big data statistics and analysis and evaluation methods to provide solutions for subsequent intelligent scheduling and manufacturing.
